INTRODUCTION
The chromosomal and extrachromosomal nature of some genetic characters in Staphylococcus aureus has been described (Collins & Roy, 1963; Richmond, 1968; Novick, 1969) . Both chromosomal and plasmid-bound genes for production of penicillinase occur (Asheshov, I 969). Among the penicillinase plasmids, eleven different types have been defined by Richmond (1968) and divided into two compatibility groups, corn 1 and corn II (Novick & Richmond, 1965) . Plasmids which can co-exist in a single bacterium, e.g. an a-plasmid (corn 1) and a P-plasmid (corn II), are said to be compatible. Plasmids which cannot co-exist in a single cell, e.g. an a-plasmid and a y-plasmid (both corn I ) , or two aplasmids, are said to be incompatible. Novick & Richmond (1965) suggested that this compatibility phenomenon can be explained by an attachment site hypothesis, plasmids of the same compatibility group competing for the same cellular attachment site, whereas plasmids of different compatibility groups each have their own attachment site. Other types of plasmids fully compatible with the penicillinase plasmids are those responsible for resistance to tetracycline (May, Houghton & Perret, I 964) and to chloramphenicol (Chabbert, Baudens & Gerbaud, 1964) .
Resistance of Staphylococcus aureus to benzylpenicillin usually results from the production of an inducible penicillinase (a lactamase). The penicillinase genes are clustered and comprise a structural gene for penicillinase production (pen), two regulatory genes (i and iz), which specify the cytoplasmic penicillinase repressor and the pr omotor gene (pr) (Richmond, 1966; Richmond, 1967 ). An i-mutation results in constitutive production of the enzyme.
Three immunological variants of the enzyme have been identified of A-, B-or C-serotypes (Richmond, 1968) . Anti-A penicillinase has been produced by Richmond and the antigenantibody reaction results in a stimulation of the enzyme activity (Richmond, I 963) .
In this investigation, attempts are made to describe more fully some possible plasmids in a strain of Staphylococcus aureus (Dornbusch, Hallander & Lofquist, 1969 ; Dornbusch & Hallander, 1973) . The methods used are compatibility tests achieved by transducing defined plasmids into the strain and examination of the penicillinase activity of the strain after addition of antiserum.
METHODS

Strains of Staphylococcus aureus.
The following two different variants of strain AC 17855 were kindly supplied by Dr E. Asheshov, Colindale, London (Table I) . This strain is naturally resistant to both arsenate and cadmium ions and the genes controlling these resistances are chromosomal (Dyke, Parker & Richmond, I 970) .
(i) AC 17855 (&pen+ y ero-r): this variant carries a recombinant a-plasmid constitutive for penicillinase (i-pen+) with the erythromycin resistance (ero-r) derived from a y-plasmid.
(ii) AC 17855 (yi-pen+ Hg-r ero-r): this variant carries a y-plasmid responsible for constitutive penicillinase production (i-pen+) and resistance to Hg2+ (Hg-r) and erythromycin (ero-r ).
Both variants were used as donors in the transduction experiments. The recipient strain, ~~4 9 1 6 pen+ met-r, produces penicillinase inducibly (i+), is toxinogenic and resistant to methicillin (met-r) and metallic ions (Hg-r Cd-r) (Dornbusch & Hallander, I 973) .
Media. Nutrient agar (Difco, Detroit, Michigan, U.S.A.) was used in plates with erythromycin (10 pglml). For bacterial broth cultures Brain Heart Infusion broth (Difco) was used.
Sensitivity tests. Resistance to benzylpenicillin, methicillin and erythromycin was determined in a plate dilution test (Barber & Waterworth, 1964) . The minimal inhibitory concentration (mic.) is the lowest concentration which inhibits growth completely. The disc diffusion test (Ericsson, 1960) was used for antibiograms.
Assay of enzymes and toxins. Assays of free coagulase and production of enterotoxin B were determined as described by Hallander (1965) .
Assay of penicillinase. Penicillinase production by single colonies could be detected by their reaction on starch agar plates according to Dyke, Jevons & Parker (1966) . Without the inducer methicillin in the agar, inducible and constitutive enzyme production could be distinguished.
Serological typing of peniciZZinase. This was according to Richmond (1963) , and the author also kindly supplied the antiserum A. Penicillinase production was induced overnight at 37 "C in broth containing 0.5 pg methicillin/ml. After centrifugation the activity of the exoenzyme in the broth was measured micro-iodometrically (Novick, 1962) in the presence of increasing quantities of antibody.
Phage typing. The method of Blair & Williams (1961) using a standard set of typing phages and the phage 88 was used.
Preparation of typingphage 29. This was propagated at 30 "C on the various donor strains by the soft-agar overlay method of Swanstrom & Adams (1951) . Bacteria were removed by Millipore filtration. Phage titres were determined as plaque-forming units (p.f.u.)/ml and were in the range of IO* to 109/ml.
Transduction experiments. Typing phage 29 was used (Asheshov, I 966 b) . The multiplicities of infection varied between 0.8 to 1.4 and erythromycin (10 ,ug/ml) was used for selection. Plates were incubated for 48 h at 37 "C. Controls, comprising sterility tests of the phage lysate and tests for back mutation in the absence of transducing phage, were performed in each experiment.
Loss of erythromycin resistance after growth at 44 "C. This was described by Asheshov ( I 966 a).
R E S U L T S
Phenotypes of the donor and recipient strains ( Table I ). The two variants of strain AC 17855 were sensitive to most antibiotics and non-toxinogenic. They differed from each other in that the y-plasmid conferred higher resistance to metallic ions to the strain. Strain ~~4 9 1 6 i+ pen+ met-r has been described in more detail by Dornbusch et al. (1969) and Dornbusch & Hallander ( I 973). (Table 2) I. In a first series of experiments, the a-plasmid was transduced into the recipient in the cross ~~4 9 1 6 (i+ pen+ ero-s) met-r x phage 29/AC 17855 (a i-penf.y ero-r) met-s at the multiplicity of infection 0.8. Resistant transductants were obtained at a frequency of 4-7 x IO-'. Nine out of 185 (4.9 %) transductants were inducible for penicillinase (i+ pen+) on starch agar plates but were as resistant to Hg2+ and Cd2+ as the recipient. The remaining 176 transductants were constitutive (i-pen+) for penicillinase and were more sensitive to Hg2+ and Cd2+. The phage type of the transductants were the same as the recipient. Of IOO transductants tested (either i-pen+ or i f pen+) all were methicillin resistant and produced enterotoxin B.
Compatibility tests
2. In a second series of experiments, the y-plasmid was transduced in the cross ~~4 9 1 6 (i+ pen+ ero-s) met-r x phage 2 9 /~c I 7855 ( y i-pen+ Hg-r ero-r) met-s. The multiplicity of infection was 1.0.
In one experiment erythromycin-resistant transductants were obtained at a frequency of 7.0 x I O -~. Eighteen of 50 (36 %) transductants tested were inducible for penicillinase (i+pen+), the remainder being constitutive (i-pen+). The phage type was the same as the recipient, and the transductants were still methicillin resistant and produced enterotoxin B.
In another experiment, two colonies were obtained (a transduction frequency of 2-9 x IO-~), which were inducible for penicillinase (i+ pen+), methicillin sensitive and did not produce enterotoxin B. Like the recipient they were lysed by phages 29 and 88. The frequency of back mutation of the recipient to ero-r in the absence of transducing phage was less than 10-l~ in all controls. Loss of erythroinycin re~istance (Table 3) . Attempts were made to eliminate the erythromycin resistance of the transductants by growth at 44 "C. Sensitive colonies were then tested for penicillinase production, methicillin resistance, enterotoxin B production and heavy metal ion resistance. Erythromycin resistance and penicillinase production were lost simultaneously by approximately 2 % of donor bacteria after treatment. From cross I four i-pen+ transductants and two i f pen+ transductants were tested. Loss of erythromycin resistance was obtained at different frequencies (0.5 to 6.6 %) from these transductants. Of the 160 erythromycin-sensitive colonies obtained, all were penicillinase negative and produced enterotoxin B. Three out of the 160 (1-9 %), however, lost their methicillin resistance. From cross 2, two i-pen+ and two i+ pen+ transductants were tested 0.2 to 0.8 %' of colonies being erythromycin sensitive. They were all penicillinase negative and sensitive to Hg2+ and Cd2+.
Among some of the erythromycin-sensitive transductants obtained after treatment at 44 "C there was a change in the phage typing pattern from 29/53/88 to 29/52/79/6/47/53/54/ 77/81/88. Asheshov & Jevons (1963) 
s, sulphisodimidine; p, penicillin; ero = e, erythromycin; st, streptomycin; t, tetracycline; ch, chloramphenicol; a, ampicillin; met = met, methicillin; ce, cephalothin; r = R, resistant; s = S, sensitive; i-pen+, constitutive penicillinase production; i f pen+, inducible penicillinase production; ent Bi-, inducible penicillinase production; ent B+, production of enterotoxin B; Hg2+, mercuric ion; Cd2+, cadmium ion. Table I .
* As in Table 2 . induced to produce penicillinase, the exoenzyme was titrated with increasing quantities of antibody (constant antigen titration) and the enzyme activity of the total preparation measured micro-iodometrically (Fig. I) . The activity of the preparation increased with increasing quantities of antiserum. Strain DO 524 which produces A-type penicillinase (Dyke, Jevons & Parker, 1966 ) was included as a positive control.
D I S C U S S I O N
The plasmid for inducible penicillinase production in strain ~u 4 9 I 6 was eliminated by an incoming a-or y-plasmid. This was illustrated in the two transduction crosses ( Table 2 ).
In the first cross 95 % of the erythromycin-resistant transductants were constitutive for penicillinase (i-pen+) and more sensitive to Hg2+ and Cd2+. All those markers characterized the incoming a-plasmid. The resident penicillinase plasmid must have been eliminated, since i+ pen+/i-pen+ plasmid diploid bacteria are still inducible for the enzyme (Richmond, 1968) . The remaining 5 % erythromycin-resistant transductants were inducible for penicillinase and resistant to heavy metal ions. The a-plasmid, itself a recombinant, must in this case have been deleted and only the ero-r marker have been transferred and recombined
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with the resident penicillinase plasmid. In the other cross, the y-plasmid could be transduced into the recipient to the detriment of the resident inducible penicillinase plasmid. This was obvious as 64% of the transductants tested produced the enzyme constitutively. In the two crosses, with the exception of two transductants, all were resistant to methicillin and produced enterotoxin B . In the met-s transductants the incoming y-plasmid or the ero-r marker may have eliminated the met-r ent B f (enterotoxin B ) markers, whereas the resident penicillinase plasmid was not eliminated since the transductants produced the enzyme inducibly (Asheshov, 1966b; Richmond, 1968) . Another explanation may be a spontaneous loss of the met-r ent Bf markers in parallel with transduction of the ero-r marker.
It can be concluded that the resident plasmid in strain DU4916, which was isolated from an infected burn, and capable of inducible penicillinase production belongs to compatibility group I, since it was incompatible with the a-and y-plasmids in transduction experiments. In addition it seems to be an a-plasmid itself, since its enzymatic activity could be increased fivefold by addition of antipenicillinase of serotype A (Fig. I) . This is in agreement with the result of others (M. R. Pollock, unpublished results; Richmond, 1963) . The most common penicillinase plasmid among hospital strains is the a-plasmid (Dyke & Richmond, 1967 ; Richmond, 1968; Dyke, Parker & Richmond, 1970) , whereas the y-plasmid has only been isolated once (Richmond, 1968) . The P-plasmid has been isolated from hospital strains belonging to phage group I1 (Richmond, 1968) . The genes responsible for methicillin resistance and enterotoxin B production seemed to be compatible with the incoming genes, since the transductants were still methicillin resistant and toxinogenic. In one transduction experiment, however, the genes seemed to be eliminated by the incoming y-plasmid. This did not seem to be a very common phenomenon. Treatment of the ero-r transductants from the two crosses at 44 "C should result in the loss of the transduced plasmids (Asheshov, I 966 a). The results clearly illustrate this phenomenon, since all erythromycin-sensitive colonies were also penicillinase negative (Table 3) . In three cases methicillin resistance was co-eliminated. Loss of methicillin resistance after growth at 43 "C has recently been reported as a consequence of altered surface properties of the cell (A1 Salihy & James, 1972) which supports the suggestion that the genes for methicillin resistance are plasmid-bound.
